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ROENTGENOLOGICAL ASPECTS OF RENAL FUNCTION*
HUGH M. WILSONt
During the past twenty-five years excretory urography has become
increasingly important as a routine screening technique for disease of the
urinary tract. It is used as a case-finding procedure and has been recom-
mended as a test of renal function. A number of iodinated organic com-
pounds have been made available as opaque contrast media which are
excreted by the kidney and result in sufficient opacification of the urine on
x-ray examination to permit visualization of the renal collecting system.
A new iodinated compound (Urokon)' has properties that include low
toxicity and high iodine content producing greater opacity to x-rays than
any heretofore available. Clinical trials have shown that this compound is
well tolerated intravenously and is rapidly excreted by the kidneys. As a
sodium salt of 3 acetylamino-2,4,6 tri-iodobenzoic acid in 30 per cent solu-
tion it has been found to give excretory urograms of at least equal density
to those obtained with other commonly used compounds and results in
significantly fewer unpleasant reactions than obtained with other compounds
commercially available. As a 70 per cent solution manufactured for angiog-
raphy, it produced opacification of the renal shadow and abdominal arterio-
grams"0 after intravenous injection by the Robb-Steinberg8 technique.
Although the incidence of unpleasant side reactions was increased by injec-
tions of approximately 50 cc. of the concentrated solution, the percentage of
good-to-excellent pyelograms equal in quality to those obtained by retro-
grade urography was increased from 64 to 79 per cent of the cases.'
By the addition of a tracer of radioactive material to the 70 per cent
solution for intravenous injection and using a scintillation counter7 to signal
the time of arrival of the contrast material in the femoral artery, we have
been able to secure satisfactory arteriograms and nephrograms. In dosages
of 25 cc. of the 70 per cent solution approximately 2,500 excretory uro-
graphic examinations have been carried out with better visualization of the
renal shadows and renal collecting systems than heretofore obtained with
lesser concentrations of contrast media.
In order to determine the mechanism of renal excretion at these high dose
levels of this contrast medium and to further test its toxicity, Porporis and
Mueller' have carried out clearance studies in dogs. At dose levels of 0.5-5
gms. per kilo they have been able to show clearance rates similar to those of
inulin. Although depression of the para-amino-hippuric acid clearance sug-
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gests the possibility that some tubular secretion may occur, the major por-
tion of excreted Urokon is effected by glomerular filtration. Renal clearance
studies of Diodrast"9 have indicated that this contrast medium is excreted
as a glomerular filtrate as well as by tubular secretion. By tubular absorp-
tion of water the contrast medium becomes concentrated and its appearance
in the renal pelvis as a dense shadow has been taken as a measure of renal
function. Roentgenologists have reported their findings in terms of in-
creased density of the renal shadows, appearance time of contrast media in
the collecting system, and evaluation of density of the excreted urine in
terms of "Diodrast clearance"' or "renal function by excretory urography."
The dose of contrast medium for intravenous injection has generally been
standardized on the basis of one cc. of 35 per cent Diodrast per 4.4 pounds
of body weight. In order to obtain adequate density of contrast medium in
the collecting system, a single injection technique is employed so that the
level of plasma concentration is on a falling curve during the roentgenologi-
cal examination. The amount of Diodrast filtered is directly proportional
to plasma concentration, but tubular excretion is more variable. Tubular
excretion of Diodrast increases proportionally to plasma concentration as
long as this is low. When the tubular excretion reaches a maximum of 25-
50 mg. per minute, a "depression limit" is reached and very high concen-
trations of plasma Diodrast may block the tubular secretion completely.' In
nephritic states the depression limit may be lower than in a normal kidney.8
It seems clear from the extensive studies carried out on renal clearance
of Diodrast that our evaluation of renal function from single injections of
contrast media reflects primarily the ability of the kidney to excrete the
contrast media as a glomerular filtrate. Little or no tubular secretion of the
contrast media is reflected in the density of the material in the renal pelvis
or bladder.
In an effort to improve the quality of the pyelogram it has become
standard practice to prepare patients for excretory urography by a period
of dehydration for 12 hours prior to the examination. In general this pro-
cedure has resulted in better shadows of the collecting system when rela-
tively low plasma concentrations have been reached after intravenous injec-
tion of 30-35 per cent solutions of contrast media. However, two important
factors affecting the quality of the desired anatomical detail of the renal
pelvis are density of the contrast material and distension of the collecting
system by the opacified urine. A frequent observation on excretory uro-
grams is good visualization of one renal pelvis of large capacity and frag-
mentary or incomplete visualization of its small capacity fellow on the oppo-
site side. Increased peristalsis, irritability, or poor function are often sug-
gested as the explanation for poor visualization. We have occasionally noted
non-visualization of one renal pelvis on several of the serial films as the
result of over-prompt emptying of a small capacity pelvis. A repeat exam-
ination with moderate hydration has resulted in greater distension of both
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renal pelves and consequently more satisfactory pyelograms as the result of
maintaining adequate urine flow during the period of examination. With
high plasma levels of iodinated compounds, dehydration to obtain adequate
contrast density in the renal pelvis becomes less important than maintenance
of urine flow to obtain adequate distension of the collecting system. The use
of ureteral blocks to obtain this distension has been criticized as disturbing
normal renal excretion. Avoidance of the dehydration period or controlled
hydration by giving water to the dehydrated patient one hour prior to intra-
venous injection of concentrated contrast medium has been shown to
improve the shadows of small renal pelves by insuring adequate urinary
output during the period of roentgenological examination.
Since the level of plasma concentration largely determines the concentra-
tion of contrast medium in the glomerular filtrate of normal kidneys after
single injection techniques, it seems advisable to avoid rigid standardization
of dose for intravenous injections. We have found that a dose based upon
the formula of 15 cc. of 70 per cent solution of Urokon Sodium per square
meter surface area results in more uniformly satisfactory routine urograms
than a formula based on body weight.
The appearance time of concentrated contrast media in the collecting
system of normal kidneys is approximately three minutes. A five-minute
roentgenogram usually demonstrates the best definition of anatomical detail
of the renal collecting system. Throughout the routine serial films there is
seen an increased density of the renal shadow as compared with the density
seen on a control scout film before injection of the contrast material. The
density of the nephrogram becomes greater with partial ureteral obstruc-
tion but is much less dense than the immediate nephrogram seen after
intravenous injections of large doses for arterio-nephrography. Properly
timed exposures after intravenous injection of 50 cc. of Urokon will give
good renal arteriograms and a brilliant nephrogram that we interpret as
demonstrating the capillary network of functioning renal parenchyma. The
narrow band of renal cortex is denser than the medulla. Occasionally the
renal veins can be seen. Opacification of the liver and spleen is also usually
obtained. Simultaneous with the appearance of contrast material in the
collecting system there is fading of the dense nephrogram. Opacification of
liver, spleen, and kidney suggests that most of the density is due to contrast
media in the blood capillaries. The greater intensity of the renal shadow and
its persistence on serial films probably indicates a large component of trans-
port of glomerular filtrate in the collecting tubules. It has not yet been
possible to determine the precise contribution due to contrast material in
blood and in the tubules. However, the value of the immediate nephrogram
as an indication of functioning renal parenchyma seems clear from the
clinical studies that have been made. Avascular renal cysts may be differenti-
ated from vascularized cortical neoplasms. Experimental reduction of blood
flow by clamping a renal artery will reduce the density of the nephrogram
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on the affected side. Experimental hydronephrosis from tying off a ureter
will also result in marked decrease in the density of the immediate
nephrogram on the affected side as compared with the normal kidney.
The roentgenographic visualization of the kidney and its effectively
functioning parenchyma, and the improved quality of pyelograms follow-
ing the intravenous injection of concentrated contrast media, promises
to advance our evaluation of renal function and recognition of renal
disease. It is equally important, however, to recognize the limitations of the
excretory urographic method in terms of nephron physiology. With high
plasma levels of contrast media presently used we can only attempt to
judge in a crude fashion the mechanism of glomerular filtration. The func-
tion of tubular secretion plays little or no significant role in the excretory
urogram. Evaluation of water absorption by the tubules is unreliable at
the high plasma concentrations of contrast media used to improve the
quality of the pyelogram. In spite of these limitations, efforts to determine
plasma concentrations, diuresis, and concentrations of urinary excretion of
contrast media during excretory urography should prove practical and
valuable in the roentgenological evaluation of renal function.
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